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1. INTRODUCTION
1.1 Project Background

For the past several decades fires and
associated haze have increasingly affected the
economies, health and environment in
Southeast Asia. During the most recent fire and
haze disaster of 1997-98, damage estimates
exceeding four billion US dollars have been
reported, excluding many direct and indirect
costs. A thorough examination of the causes
and impacts of these events is given by Badawi
et. al. (1998).

In an attempt to prevent losses of such
magnitude  from  occurring again, the
Environment Ministers in the region, through the
Haze Technical Task Force, proposed
development of a regional Fire Danger Rating
System (FDRS) to provide a better
understanding and early warning of dangerous
fire conditions. The Southeast Asia FDRS
Project is a multi-partner initiative being led by
the Canadian Forest Service to achieve that
goal.

1.2 Fire Climate Analysis

In addition to anthropogenic factors, climate has
been attributed as a major factor in these fire
and haze events (Schweithelm 1999). The wet-
dry seasonality of the tropics has the potential
for long droughts to create dangerous fire
conditions. While agricultural studies of climate
variability exist, there is little information on how
that spatial variability creates differences in the
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length and timing of fire seasons. This
information can be used in fire management for
distributing limited fire monitoring and fire
suppression resources.

The wet-dry seasonality may be exacerbated by
reduced rainfall caused by the EI Nino -
Southern Oscillation (ENSO) (Harger 1995). El
Nino years have repeatedly been associated
with severe burning conditions in parts of SE
Asia (Kita et. al. 2000, Siegert and Hoffmann
2000). While ENSO impacts are generally
understood, there has been no examination of
the spatial variabilty of these effects.
Furthermore, ENSO impacts in the region must
be characterized specifically in terms of fire
danger. This information can improve the use of
seasonal ENSO forecasts in fire management
planning at the executive level.

The goals of this historical analysis are to
determine the inter-annual and spatial variation
of fire season onset, severity and duration, and
the spatial impacts of the ENSO phenomenon.
Presented here are preliminary results for the
Indonesian island of Sumatra, which is the pilot
study area for the SE Asia FDRS Project.

2. METHODS
2.1 The Canadian FWI System

The Canadian Forest Fire Weather Index (FWI)
system (Van Wagner 1987) provides relative
numerical ratings of fire potential using daily
weather inputs of 12:00 LST temperature,
relative humidity, wind speed and 24-hour



rainfall. The FWI System is composed of three
moisture codes, which track fuel moisture
content in different layers of the forest floor, and
three behaviour indices which provide relative
indicators of fire behaviour.

This study used the Drought Code (DC)
component of the FWI System to represent fire
danger in peatlands. The DC estimates moisture
content of deep (10-20 cm), compact organic
layers and is used as an indicator of long-term
drying and deep, smouldering fires (Turner
1972, Van Wagner 1987, McAlpine 1990).
Increasing DC values indicate drier conditions in
the lower organic fuel layers. The DC has an
unbounded scale, but ranges in Canada from 0
in the spring to a typical maximum value of 800
in very dry areas of western Canada in the fall
(McAlpine 1990). Ignition of deep organic
sphagnum layers occurs at a moisture content
near 130% (Frandsen 1997) which is estimated
to occur in that material at DC=350 (Lawson and
Dalrymple 1996). Complete combustion d this
layer to 25cm deep is estimated to occur near
DC=700 (Lawson et al. 1997). Fires in
Sumatran peatlands are a major contributing
factor to smoke production (lkegami et. al.
2001), and as such, the DC was used in this
study to indicate seasonal fire danger in
Sumatran regions of deep organic soils.

2.2 Drought Code Calculations

The DC uses daily temperature, rainfall and the
previous day’s DC to obtain the DC for the
current day. Daily weather summaries for 11
Sumatran weather stations were obtained fom
NOAA'’s National Climatic Data Centre for the
period of 1994 to 2001. Periods of missing data
in the NCDC data set were augmented using
archived data at the Northern Forestry Centre,
currently being used for operational systems.
Station locations and record completeness are
shown in Figure 1.

Since the DC is a cumulative index, it requires
that the input weather data be continuous. In the
case of missing data at a station, input values
were estimated from nearby weather stations,
using the inverse-distance weighting scheme
implemented in the Spatial Fire Management
System (SFMS) (Englefield 2000).

The resulting DC values at the 11 stations with
completeness above 85%, were analyzed to
derive monthly quartiles to represent seasonal

change in fire danger. Quartiles were used to
represent the non-normal distribution in the
graphical analyses. Monthly DC normals were
defined as the median value of all days of a
month, over all years. DC values from the 1997
strong ENSO event were graphically compared
to the DC normals.
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Figure 1. Sumatra WMO weather station map and percent
completeness of records.

Maps of fire danger were built for October, the
peak of the 1997 fire season. The input data for
the normals map was limited by data to 1994 to
1998. The median value in each map pixel was
calculated on a cell-by-cell basis using daily DC
surfaces constructed using the data from all
weather stations. The normals map illustrates
the spatial variability in fire danger across
Sumatra. Comparing the normals map with the
October 1997 median map illustrates the spatial
variability in ENSO effects on fire danger.
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Figure 4. Monthly Drought Code quartiles for Palembang
station.
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Figure 6. Map of October normal (median) Drought Code.
Black outlines provincial boundaries.

Figure 5. Monthly Drought Code quartiles for Telukbetung
station.
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Figure 7. Map of October 1997 median Drought Code. Black
outlines provincial boundaries.



3. RESULTS AND DISCUSSION

The impact of spatial climate variation on fire
danger is well-illustrated by comparing monthly
DC normals between Medan weather station in
the north (Figure 2), to Palembang station in the
south (Figure 4). In Medan, the DC typically
reaches a seasonal maximum of 286 during July
and August, with a more moderate local
maximum of 160 during March. The timing of
these two maxima correspond well to 30-year
rainfall patterns recorded in Medan, which
indicate two periods during the year of lower
rainfall, associated with Asia-Australia Monsoon
system (Jun-Ichi and Sribimawati 1998). Both of
these values are below a probable DC ignition
threshold of 350. In Palembang, the DC typically
crosses the ignition threshold in August, reaches
a seasonal maximum of 411 during September,
and decreases below the ignition threshold
during the following month. The southern part of
the the island has a longer and more severe fire
season.

During the 1997 ENSO event, the Medan DC
increased through August, achieving a
maximum value of 927, and crossing below the
ignition threshold in October. In Palembang
however, extreme drought conditions prevailed
longer than normal until November, when the
DC reached a maximum of 1223. In both the
south and the north, ENSO resulted in a longer
and more severe fire season than normal. In the
north, Medan, the peak fire season was delayed
by one month past normal, but in the south, the
peak was delayed by twice that. Intermediate
stations show the gradation of the climate from
south to north Sumatra (Figures 2-5).

The map of October normals (medians)
illustrates the spatial variability in the end of the
fire season (Figure 6). The weather of northern
two-thirds of Sumatra has moved into the rainy
season, effectively ending the fire danger.
However, the rains have just started in the
southern portion of Sumatra, so there is still
some potential for land and forest fires.

The map of October 1997 medians illustrates
the spatial variability in the severity of fire
danger, with higher fire danger in the south
(Figure 7). Furthermore, in comparing the 1997
median values to the normals map, the fire
season has been extended into October for the
central provinces of Sumatra.

4. FUTURE STUDIES

This historical analysis will be conducted with an
increased station density and over a longer time
frame and larger area for the SE Asia FDRS
Project. Results from this fire climate study will
provide an analysis of Indonesian fire regimes
and provide the framework to build fire
management systems and decision aids specific
to this region. These tools will assist in the
development of fire management policy and
procedures to prepare in advance of serious fire
situations and mitigate potential impacts.
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